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(54) Abstraa Title 

Apparatus for extruding molten glass gobs 

(57) Apparatus for extruding glass (30) from an orifice (31 ) at the base of a feeder by means of a vertically 
reciprocating plunger (4) in order to enable glass gobs to be formed (for subsequent moulding tnto glass 
objects such as containers) is described. According to the invention, the vertically reciprocating motion of the 
plunger (4) is generated by means of a linear motor (8) having an actuation member which moves in order to 
move the plunger (4) correspondingly. The actuation member may bear on the underside of a bridge piece (3) 
mounted for vertical movement up and down on an appropriate guide structure, the end of the bndge (3) 
remote from the motor and guide structure having the top end of the plunger (4) fixed to it. 
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APPARATUS FOR HANDLING MOLTEK GLASS 

This invention relates to apparatus for handling molten 
glass and, in particular, to apparatus for controlling a 
5 known type of plunger used to deliver a gob of glass to a 
glass- forming machine. 

In the manufacture of glass objects (usually containers), 
it is customary practice to form individual masses of 

10 molten glass, technically called gobs, into shapes in a 
succession of glass-forming moulds. These moulds are 
installed in a substantial so-called independent section 
glass forming machine which converts each gob of molten 
glass into a container or other object of the desired 

15 shape and size . 

In order to secure uniformity of the eventually formed 
objects, it is necessary to secure uniformity in the gobs 
which are used to form them and substantial efforts have 
20 been devoted over decades to this end. 



A standard approach is to form the gobs of molten glass 
by extruding a mass of glass from an orifice in the base 
of a glass feeder connected to a glass furnace via a 
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forehearth, and cutting a gob from the so-ejected 
extruded mass of glass, by shearing each gob from the 
lower end of the projecting mass of highly viscous molten 
glass by means of shears located below the feeder. The 
5 extrusion is conventionally assisted by a vertically 
reciprocating plunger located above the orifice. 

The exact size, shape and temperature of successive gobs 
can be varied by varying the control of the shears, the 

10 temperature of the glass, the shape of the orifice 

through which the glass is expelled and, in particular, 
the mechanical control of the expression of that mass of 
glass through the orifice by the plunger. As it moves 
down, the motion of the plunger causes glass to be 

15 extruded through the orifice. Following the cutting off 
of the gob, as the plunger rises, the molten glass is 
sufficiently viscous to be retained in the orifice until 
the plunger starts its next downward motion. 

20 Existing control arrangements conventionally involve 

motors, gearing, cams, followers and similar mechanical 
devices to control plunger movement. These arrangements 
are subject to wear and to erratic movement and require 
high maintenance. They are also difficult to adjust 

25 (usually requiring significant down-times) and, in 

particular, to set up for a particular object- forming 
operation. Other known arrangements involve a ballscrew 
or leadscrew which replace the cams, followers and other 
mechanical arrangements; however these also are subject 

30 to wear in the same way as the existing mechanical 
arrangements . 



We have now found that very satisfactory results may be 
obtained by reciprocating the plunger to extrude the 
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successive masses of glass from which the gobs are cut by 
means of a controlled linear motor drive - 

According to the present invention, there is provided 
5 apparatus for controlling gob formation at an orifice 

located at the base of a molten glass feeder, wherein the 
apparatus includes a plunger which can be aligned 
vertically above the orifice and means for reciprocating 
the plunger vertically, wherein the apparatus includes a 
10 linear motor and means for connecting the vertically 
reciprocable plunger with a movable actuating member 
forming part of the linear motor. 

Further details of such apparatus are evident from the 
15 following description of two alternative embodiments of 
the invention, which are given by way of example only, 
and which are shown in the accompanying diagrammatic 
drawings in which: 

20 Figure 1 shows a schematic side view of a first preferred 
design of plunger unit according to the present 
invention. 

Figure 2 shows an end-on view of the design of Figure 1 
25 along lines I-I. 

Figure 3 shows part of the design of Figure 1 on an 
enlarged scale and partly in section. 

3 0 Figure 4 shows a view similar to Figure 2 but partly in 
section. 

Figure 5 is a schematic side view of a second preferred 
design of plunger unit utilizing an alternative linear 
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motor. 

Figure 6 shows an end-on view of the design of Figure 5 
along lines II-II. 

5 

Figure 7 shows a part of the design of Figure 5 on an 
enlarged scale and partly in section. 

Figure 8 shows a view similar to Figure 6 but partly in 
10 section. 

Referring first to the embodiment shown in Figures 1 to 
4, these show a first preferred design of a plunger unit 
for the control of glass flow through an orifice 31 at 

15 the base of a refractory bowl 5 situated within a 

refractory bowl steel casing 6, which casing is bolted on 
to a face plate 7. An assembly generally denoted 1 
comprises a vertically mounted linear motor support 
structure 10 which is bolted on to the face plate 7 

20 adjacent the steel casing 6. A vertically orientated 
linear motor S (e.g. type Mark 4 ex McGeogh-RTL) is 
attached to the support structure 10 adjacent its base 
23. A bottom bearing carrier 9 is connected horizontally 
to the top of the support structure 10 by a known nut- 

25 bolt device, and a top bearing carrier 12 mounted on top 
of the bottom bearing carrier by a known device. Also 
included in the assembly 1 is a large hollow shaft 11 
which is vertically orientated within the bearing carrier 
9, the plunger carrier 3 attached to the top of the large 

30 holl ow shaft 11, at least one plunger 4 fixed to the end 
of the plunger carrier 3 and descending into a bath of 
molten glass 30; and a top bearing carrier 12 which 
guides a small hollow shaft assembly 13 which is 
connected to the upper surface of the large hollow shaft 



11 by a known stud-bolt device. The small hollow shaft 
assembly 13 is concentric with the large hollow shaft 11. 

Also included in assembly 1 is an air reservoir 18, 
supported by the support structure 10 and situated under 
the linear motor 8. The air reservoir 18 is connected to 
the motor 8 by at least one air pipe 19 supplying air to 
the bottom section of the motor 8 via base 23. 

The exact position of plunger carrier 3 can be adjusted 
by a horizontal adjustment mechanism 26 shown here purely 
diagrammatical ly and which may be, for example, a 
threaded bolt and locknut or a controllable motor-driven 
positioning mechanism. This enables controlled 
adjustment of the plunger carrier 3 to left and right as 
seen in Figures 1 to 3 . Together with an angular 
adjustment mechanism 27 shown by way of example as a worm 
drive, in Figures 2 and 4, but omitted in Figure 1 for 
clarity, this enables precise concentric alignment of the 
plunger 4 above the orifice 31 to be achieved. 

Motion of the assembly 1 is provided by applying power to 
the linear motor 8 from a control unit 28. The effect of 
the application of the power is to extend a motor shaft 
21 forming part of motor 8 from a known datum point. The 
motor shaft 21 is in contact with the sealed end of the 
large hollow shaft 11 via a contact device 22, shown here 
as a support roller bearing. The extension of the motor 
shaft 21 raises the large hollow shaft 11 within the 
large hollow shaft bearing 15 situated within the bottom 
bearing housing 9 and thereby raises the plunger carrier 
3 which raises the plunger 4 from the predetermined datum 
point. The shaft extension is controlled by the control 
unit 28 until the limit of extension has been achieved as 
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determined by either by an internal position transducer 
(not shown) within the linear motor 8 or by an external 
position transducer. The motion of linear motor shaft 21 
is then controlled to retract into the body of the motor 
8 j.n a controlled and predetermined manner until the 
limit of retraction has been reached as determined by the 
control unit 28. The precise time/speed/position 
relationship during this retraction may be simply varied 
in practice by varying the programme controlling the 
operation of the linear motor, which electrical control 
may easily provide a variety of different movements in 
turn allowing the gob production to occur in optimum 
fashion and with high repeatability. 

The linear motor 8 is assisted in the overall operation 
for raising and lowering the plunger carrier 3 by an air 
cushion provided by the air reservoir 18. The air 
reservoir 18 is maintained at a minimum pressure by a 
means of a regulated air supply via a pipe 20, the 
pressure being sufficient to support and cushion the mass 
of the moving components of assembly 1. when the motor 
shaft 21 extends out of the body of the motor 8, air 
passes along the pipes 19 from the reservoir 18 into the 
body of the motor 8 via the base 23. When the motor 
shaft 21 retracts into the body of the motor 8, air 
returns from the body of the motor 8 back into the air 
reservoir 18 via the pipes 19. The effect of the air 
balancing system is to reduce the power consumption of 
the motor 8 in overcoming gravitational forces due to the 
mass of the movable parts of assembly 1. 

The small hollow shaft 13 acts as a guide and stabilising 
mechanism to ensure precise motion of the plunger carrier 
3. The small hollow shaft 13 slides within the top 
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bearing carrier 12 with the same motion as the large 
hollow shaft 11 and is fixed to the large hollow shaft 11 
by a known stud-bolt device. Attached to the top of the 
small hollow shaft 13 is an anti-rotation shaft 14 which 
5 prevents the rotation of the plunger carrier 3 about a 
vertical axis in an uncontrolled fashion. The anti- 
rotation shaft 14 slides vertically within the body of 
the top bearing carrier 12 as shown in Figure 1. 

10 Figure 3 shows a cross-section of various components to 

clarify the operation of assembly 1. Shown in detail, in 
addition to the bottom bearing housing 9 and the large 
hollow shaft bearing 15, are a bearing 16 for the small 
holl ow shaft 13 and a bearing 17 for the anti rotation 

15 shaft 14. 

Referring now to Figures 5 to 8, these show an assembly 2 
utilizing an alternative linear motor 29, e.g. a type LAR 
enclosed linear motor ex Indromat. In contrast to motor 

20 8 which utilizes air assistance provided from the air 

reservoir 18 (as shown in Figure 1), a motor shaft 24 of 
the linear motor 29 is extended to protrude below the 
base of the body of the motor 29, and there is no air 
assistance. An external position transducer is located 

2 5 at 25 in Figure 5 to provide the positional feedback for 
the closed loop system for the control unit 28. Whereas 
the motor 8 of the first preferred design as shown in 
assembly 1 incorporates an internal transducer (not 
shown), the design of the motor 2 9 of the second 

30 preferred design does not include an internal position 
transducer and therefore requires an external position 
transducer at 25 to provide the required control of the 
motor 29. 



Shown in Figure 6 (but omitted from Figure 5 for clarity) 
is the angular adjustment mechanism 27 which, in 
conjunction with the horizontal adjustment mechanism 26, 
enables precise concentric alignment of the plunger 4 
above the orifice 31. The mode of operation of the 
apparatus shown in Figures 5 to 8 is as explained above 
for Figures 1 to 4 . 



1 20 
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CLAIMS 



1. Apparatus for controlling gob formation at an 
orifice located at the base of a molten glass feeder, 

5 wherein the apparatus includes a plunger which can be 
aligned vertically above the orifice and means for 
reciprocating the plunger vertically, wherein the 
apparatus includes a linear motor and means for 
connecting the vertically reciprocable plunger with a 
10 movable actuating member forming part of the linear 
motor . 

2. Apparatus according to Claim 1, wherein the linear 
motor is mounted in a framework adjacent the feeder with 

15 the direction of movement of a. movable part thereof being 
vertical, and wherein the apparatus includes a 
substantially horizontal bridge carrying the plunger at 
one end and being movable up and down by engagement of 
the actuating member with its other end. 



3. Apparatus according to Claim 2, wherein the bridge 
is mounted vertically movably on the framework and more 
adjustment mechanisms are provided to enable the 
alignment of the plunger with the orifice. 



4 . Apparatus according to any one of Claims 1 to 3 and 
including, associated with the linear motor, means for 
detecting the position of the actuatable member thereof 
and control means controlling the position of the 

30 actuatable member in dependence upon its actual position 
and a predetermined control programme. 

5 . Apparatus according to any one of Claims 1 to 4 
wherein the weight of the plunger, actuatable member and 
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any other vertically reciprocating components is 
supported over at least a part of the reciprocating 
movement thereof by an air cushion. 

6. Apparatus for production of gobs of molten glass 
including a vertically reciprocating plunger controlled 
by a linear motor substantially as hereinbefore described 
with reference to Figures 1 to 4 of the accompanying 
drawings . 

7 - A PP aratus for production of gobs of molten glass 
including a vertically reciprocating plunger controlled 
by a linear motor substantially as hereinbefore described 
with reference to Figures 5 to 8 of the accompanying 
drawings . 
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